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INTRODUCTION
Spain is one of the largest consumers of seafood in the world and its consump-
tion of both fresh and prepared seafood has increased in past years.1 The changes 
have been attributed to health and nutrition concerns, as well as increased 
demand for time-saving goods and services.2 Seafood expenditures represented 
nearly 13% and 14% of total food expenditures in 1991 and 2002 respectively 
and about 52% of these were on prepared products (Gracia and Albisu 1995; Pa-
pageorgiou 2002; Escudero 2003).3 According to the predictions of the “Theory 
of the Allocation of Time” and its extensions (Becker 1965; Gronau 1977), the 
demand for prepared foods (among them seafood products) is positively related 
to the value of women’s time. 
Several previous studies have estimated aggregate demands for ﬁsh and other 
food and nonfood items using complete demand systems (Molina 1994; Gracia 
and Albisu 1995; Salvanes and DeVoretz 1997; Eales, Durham and Wessells 
1997). Other studies analyzed the factors affecting the decision to consume 
some ﬁsh species. For instance, Dellenbarger et al. (1992) and Nayga and Capps 
(1995) used logit models to analyze the inﬂuence of income and other socioeco-
nomic factors on the decision to consume catﬁsh and shellﬁsh both at home and 
away from home. Because of the discrete nature of the seafood product choices, 
accounting for zeros is a relatively important aspect of the choice of modeling 
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approaches. A double-hurdle model is a likely choice. Although a few studies 
have used double-hurdle models to estimate household demands for different 
seafood products and to correct for sample selection bias due to zero expen-
ditures (Cheng and Capps 1988; Yen and Huang 1996; Manrique and Jensen 
2001), some of these latter studies used a procedure (as suggested by Heien 
and Wessells 1990) for the estimation of a censored system of equations that 
has been shown to be inappropriate for the estimation of a system of censored 
equations (Shonkwiler and Yen 1999). In addition, several of the studies do not 
account explicitly for the value of women’s time, a factor likely to be important 
in determining demand for seafood products. 
This research examines the factors affecting the consumption of fresh and 
prepared (or convenience) seafood in Spain within the context of household 
production theory, paying special attention to the relationship between the value 
of women’s time and expenditures on prepared seafood goods. Household ex-
penditures on seafood products are analyzed using a sample selection model and 
Amemiya’s (1974) consistent two-step estimation procedure for a multivariate 
regression that is censored by latent variables. Consistent two-step estimation 
procedures are still very valuable, given the computational problems involved in 
direct maximum likelihood estimation.
THEORETICAL MODEL
Households are assumed to be both producing and utility maximizing units. 
In order to maximize utility, they choose the best combination of commodities 
subject to time, resource and technology constraints. 
Formally, every household maximizes its utility function
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where U refers to the household utility function (assumed to be strictly increas-
ing, strictly quasi-concave, and twice continuously differentiable); Z
j
 represents 
the quantities of home-produced commodity j; X
j
 represents a nx1 vector of 
quantities of market-purchased goods used in the production of home-produced 
commodity j; T
j
 represents a kx1 vector of time spent by each of the k household 
members in the production of commodity j; T represents the total time available 
for the household; T
w
 is a kx1 vector of time spent working in market activities 
by each of the k household members; P
j
 is a nx1 vector of prices X
j
; V represents 
non-wage income; and w is a kx1 vector of market wages earned by each of the 
k household members.
Also, notice that:  
 T
w
 = T
w
 (d) (3)
where d is a sx1 vector of household characteristics.
The solution to this problem, holding prices constant, gives the expenditure 
functions of the n market-purchased goods:
 e
i
 = e
i
 (w, d, V)   i = 1,...n. (4)
where e
i
 represents household expenditures on market-purchased good i. Here 
i = 1,2 for fresh and processed seafood, respectively. Considering the value of 
women’s time (W
w
) and household’s income excluding women’s market earn-
ings (Y), the expenditure functions for seafood products are:
 seafood (i) = f (W
w
, Y, d)     (5)
These functions also include the main demographic and economic variables 
expected to affect the household’s expenditures on seafood products. 
EMPIRICAL SPECIFICATION
Formally, the empirical model describing expenditures on different seafood 
goods is given by a selection equation:  
   I*
i,h
 = x
h
'α
i
 + ζ
i,h
   (6)
and an expenditure equation:
   y*
i,h
 = z
h
'βi + µ
i,h
  (7)
where I*
i,h
 is a latent selection variable (i = fresh, prepared) for the hth house-
hold; y*
i,h
 represents the desired or optimal level of expenditure on seafood 
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goods for the hth household; x
h
, z
h
 are vectors of socioeconomic factors  
(including the value of women’s time) affecting the selection and expenditures 
on these goods; α
i
 and β
i
 are vectors of unknown parameters; and ζ
i
,
h
 and µ
i
,
h
 
are randomly distributed additive disturbance terms following a bivariate normal 
distribution with zero means, unit variances and correlation coefﬁcient ρ. 
The following relation is posited between the observed level of expenditures and 
the desired or optimal level of expenditures:
  y
i,h
 = y*
i,h
    if I*
i,h
 > 0,
  y
i,h
 = 0   otherwise. (8)
I*
i,h
 is a latent unobservable variable; however, we observe a dummy variable  
I 
i,h
 such that 
I 
i,h
 = 1 if I*
i,h
 > 0 and I 
i,h
 = 0 otherwise. Equations 6–8 represent a system of 
equations in which the dependent variables are censored by a subset of unob-
servable latent variables. 
Consistent two-step estimation procedures for this system remain very valu-
able, given that direct maximum likelihood estimation is complicated for most 
practical purposes. Amemiya (1974) proposed a practical consistent two-stage 
estimator for a multivariate regression model that is censored by latent variables. 
In this research, we implemented Amemiya’s procedure to consistently estimate 
the system of expenditure equations. These equations were estimated using only 
those observations for which the consumption of fresh and prepared seafood 
was positive.4 Notice that the probability of being in this sample (consumption 
of fresh seafood > 0 and consumption of prepared seafood > 0) is given by the 
following bivariate probability:
 M
11,h
 = P [I*
fresh,h
 = x
h
'α
fresh
+ ζ
fresh,h
 > 0 , I*
prep,h
 = x
h
'α
prep
+ ζ
prep,h
 > 0]  (9)
where I*
fresh,h
 and I*
prep,h
 are the latent unobservable selection variables for fresh 
and prepared seafood, respectively. 
The procedure to correct for nonzero mean disturbance terms is summarized as 
follows: First, bivariate probit analysis was used to get estimates of the αi’s us-
ing all observations. Second, these bivariate probit estimates were used to com-
pute probability (9). Third, these probabilities were used to compute the correc-
tion terms (Amemiya, 1974; Huffman and Lange, 1989). Finally, correction for 
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self-selectivity bias was done adding the correction terms and a new disturbance 
term (which has a zero conditional mean) to each expenditure equation. 
The expenditure equation of the hth household that consumes fresh and prepared 
seafood goods is:
  y
fresh,h
 = z
h
'β
fresh
 + γ
fresh
 (S
fresh,h
 / M
11
,
h
) + ε
fresh,h
  (10)
     y
prep,h
 = z
h
'β
prep
 + γ
prep
 (S
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 / M
11,h
) + ε
prep,h
 (11)  
where, following Amemiya (1974):
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i,h
 is the new zero conditional mean disturbance term. 
Finally, Weighted Least Squares techniques were used in the estimation of  
equations 10 and 11, because the new disturbance terms are heteroscedastic 
(Maddala, 1983; Greene, 1997). 
DATA AND VARIABLES USED
The government of Spain periodically conducts household surveys (Encuestas 
de Presupuestos Familiares) in order to collect data related to expenditures 
and socioeconomic characteristics of Spanish households. The latest Encuesta 
de Presupuestos Familiares, conducted between April 1990 and March 1991, 
provides the basis for this research.5 It contains data for 21,155 Spanish families. 
In this research, we did not consider male single-headed households. The ﬁnal 
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sample included 17,172 households. Consumption of fresh and prepared seafood 
totaled 8,925 (52.0%) households.
Following Traub and Odland (1979), we deﬁne prepared (or convenience) 
seafood goods as “any fully or partially prepared seafood in which signiﬁcant 
preparation time, culinary skills, or energy inputs have been transferred from the 
homemaker’s kitchen to the food processor and distributor”. Hence, prepared 
seafood goods included commercially frozen or precooked seafood, cured and 
dried seafood, seafood frozen dishes, ready-to-cook seafood items, pre-stuffed 
seafood, and ﬁsh ﬁlets as well as ready-to-eat breaded, shucked, or commer-
cially canned seafood products. 
Deﬁnitions of the dependent and independent variables included in the models 
are presented in Table 1. Table 2 contains the sample statistics for the study’s 
continuous and binary variables.
RESULTS AND DISCUSSION
Based on previous research, we assumed endogeneity of the value of women’s 
time in seafood consumption (McCracken and Brandt 1987; Yen 1993). We used 
Tobit analysis to consistently estimate the market earnings equation, because the 
ﬁnal sample included a large number of women not employed outside the home. 
The predicted values of women’s market earnings (based on the Tobit estimates) 
were used as proxies for the market value of women’s time (Manrique and Jen-
sen 2001). 
The parameter estimates obtained from the bivariate probit analysis were used to 
construct estimates of the correction terms for self-selectivity bias and to learn 
about the socioeconomic factors that affect the selection of seafood products 
(see Appendix A). The estimated correlation coefﬁcient of the disturbance terms 
in the selection equations turned out not to be statistically different from zero. 
Thus, two univariate probit estimations of the selection equations would also be 
appropriate. In general, the analysis showed that most socioeconomic variables 
were statistically signiﬁcant (25 out of 37) at α = .05, suggesting that these vari-
ables are important in the selection of seafood products. 
The parameter estimates of the bivariate probit regression could not be directly 
interpretable with respect to the magnitude of the effect. Marginal probabil-
ity elasticities were used to quantify the magnitude of the marginal effect of a 
change in a continuous variable on the probability of consuming both fresh and 
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Table 1. Names and Description of Variables
Variable Names Description
Dependent Variables
  confresh  Binary variable: household consumes fresh seafood 
  (yes=1, no=0).
  conprep  Binary variable: household consumes prepared seafood  
  (yes=1, no=0).
  fresh  Yearly expenditures on fresh seafood products 
  (mill. of pesetas)
  prepared Yearly expenditures on prepared seafood products 
  (mill. of pesetas).
Continuous Independent Variables
 children Number of household members aged 1-14
  teenager Number of household members aged 15-17
  young Number of household members aged 18-24
  adult Number of household members aged 25-64
  elderly Number of household members aged 65 and older 
  otherinc Household’s income (excluding woman’s market earnings)
  womage Woman’s age
  womenic Yearly women’s market income (mill. of pesetas) 
           
Dummy Independent Variables (yes = 1, no = 0)
 employed Household head is employed
  homepay Household is a homeowner
  south Household resides in the southa
  northeast Household resides in the northeast and east
  northwest Household resides in the northwest
  central Household resides in the central region  
  urban Household resides in central city or suburban area
  womeduc Woman head has at least a high school education  
  femhead Household is a single-headed woman family
a Households that reside outside the Iberian Peninsula 
were the reference group in the regional location category.
prepared seafood goods. They are deﬁ ned as (Byrne, Capps, and Saha 1996)
 MPE = φ( x
h
'α
i
 ) α
i
 [ x / Pr (I = 1)]            
where MPE refers to the marginal probability elasticities with respect to the 
s vector; φ is the standard normal density; x represents the vector of sample 
means for the continuous explanatory variables; and Pr (I = 1) represents the 
probability of consumption predicted by the probit model. For the discrete 
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Table 2. Sample Means and Standard Deviations 
(all observations)
  Standard
Variables Mean Deviation
Dependent Variables
 Confresh (binary) 0.74 0.44
 Conprep (binary) 0.78 0.41
 Fresh (mil. Pesetas per year) 0.05 0.06
 Prepared (mil. Pesetas per year) 0.03 0.05
Continuous Independent Variables
 Children (age 1-14) 0.72 1.00
 Teenager (age 15-17) 0.19 0.46
 Young (age 18-24) 0.42 0.75
 Adult (age 25-64) 1.70 0.95
 Elderly (age 65+) 0.48 0.74
 Otherinc (excludes woman’s earnings) 2.25 1.65 
 Womage (age of woman) 50.37 15.49
 Womeninc (mil. pesetas) 0.24 0.75
          
Dummy Independent Variables (yes = 1, no = 0)*
 Employed (hshld head) 0.59 0.49
 Homepay (homeowner) 0.86 0.35
 South 0.20 0.40
 Northeast(northeast and east)  0.31 0.46
 Northwest 0.12 0.33
 Central 0.30 0.46
 Urban 0.52 0.50 
 Womeduc 0.15 0.36
 Femhead 0.19 0.39
* Reference category: unemployed head, non-homeowners region outside of 
Iberian Peninsula, rural location, woman head less than high school.
variables, we reported their marginal effects on the probability of consumption. 
The marginal effects are calculated as the ﬁ nite changes in these variables as 
their values change from zero to one, ceteris paribus. The marginal probability 
elasticities and marginal effects for the decision to consume fresh and prepared 
seafood goods are reported in Table 3.
Women’s age has the largest MPE for both fresh and prepared seafood prod-
ucts, but these elasticities have opposite signs. A 1% increase in women’s age 
increases the probability of consuming fresh ﬁ sh by 0.12% and decreases the 
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probability of consuming prepared seafood by 0.11%. Younger families may be 
more exposed to advertising messages and to the stress of life (scarcity of time) 
and thus be more likely to consume prepared seafood goods. In contrast, older 
families may resist changes to their traditional lifestyles and also experience less 
exposure to the stress of modern times and the inﬂ uence of advertising mes-
sages.
In general, the values of all other elasticities are relatively low. The positive 
MPEs for all age groups with respect to prepared seafood suggest that large po-
tential market opportunities exist for expanded consumption of prepared seafood 
products in Spain. The positive MPEs for income and people aged 25 and older 
with respect to fresh seafood also suggest a future expanding market for these 
products. 
The effects of dummy variables on the probability of consuming fresh and pre-
pared seafood goods vary. For instance, northwestern households are 13% more 
likely to consume fresh seafood goods and 7% less likely to consume prepared 
Table 3. Marginal Probability Elasticities and 
Marginal Effects for the Decision to Consume 
Fresh and Prepared Seafood Goods
   Fresh  Prepared  
Marginal Probability Elasticities 
 Womage 0.1165 -0.1065 
 Children -0.0103 0.0200
 Teenager -0.0001 0.0060
 Young -0.0071 0.0234
 Adult 0.0627 0.0722
 Elderly 0.0105 0.0193
 Otherinc 0.0790  0.0146
 Womeninc -0.0002 0.0017
Marginal Effects
 Employed 0.0217 -0.0063
 Homepay 0.0338 -0.0066
 Womeduc -0.0257  -0.0236
 Urban  0.0499 -0.0329
 South         0.1364  -0.0147
 Northeast 0.0905 0.0120
 Northwest 0.1310 -0.0682
 Central 0.1028 0.0079
 Femhead -0.0189 -0.0116
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seafood goods than households of the reference group. The northwestern region 
is one of the most coastal parts of Spain, resulting in its traditional consump-
tion of fresh seafood. This region has an old tradition of cooking and preparing 
meals using ﬁsh as the main ingredient. Urban households are 5% more likely to 
consume fresh seafood goods and 3% less likely to consume prepared seafood 
goods than rural households. This may reﬂect the difference between urban and 
rural areas in terms of availability of fresh seafood and prices. This may also 
reﬂect the increasing availability of refrigerators and microwaves in rural areas. 
Virtually all of Spain’s households have refrigerators and 65% have microwave 
ovens (Deschamps and Weisenburger 2004). The effects of all other binary vari-
ables can be interpreted in the same manner.
Weighted Least Squares methods were used to ﬁt the expenditure equations, 
with the sample selection terms included, to obtain consistent estimates and also 
to deal with heteroscedastic disturbance terms. Inasmuch as predicted variables 
were included in these regressions, the corresponding variance-covariance ma-
trixes of the estimates were adjusted for statistical inferences.6 
* and ** denote statistical signiﬁcance at 10% and 5%. Asymptotic 
t-values (based on corrected standard errors) are in parentheses. We 
used the Murphy-Topel approach (Murphy and Topel [23]) to adjust 
the variance-covariance matrix of the second-step estimators. See 
Footnote 5 for details on the adjustment procedure.
Table 4 presents the parameter estimates for these equations. Most of the param-
eter estimates were statistically signiﬁcant (30 of 38) at a 5% signiﬁcance level. 
The parameter estimates of the correction terms (or the covariance between the 
selection and expenditure equations) were statistically signiﬁcant at α = .05. 
This indicates that the correction for selectivity bias was necessary. Table 5 con-
tains the expenditure elasticities on seafood goods for the continuous variables.
We found that the opportunity cost of women’s time has a positive and sta-
tistically signiﬁcant effect on the levels of expenditure for fresh and prepared 
seafood goods. This result conﬁrms predictions of household production theory 
and ﬁndings from previous research for prepared food (Redman 1980; Nayga 
1996, 1998; Manrique and Jensen 2001). Higher participation of women in the 
labor force and changes in the “traditional” family (declining birth rates, more 
one-person and two-person households, more households living on two incomes, 
etc) have reduced the time to prepare food, increasing the demand for prepared 
food, among them prepared seafood (Escudero 2000). Working women may also 
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be willing to purchase fresh but “easy to cook” (higher priced) seafood prod-
ucts. These positive effects, however, are small. A 1% increase in the value of 
women’s time increases yearly expenditures on fresh and prepared seafood by 
.02 and .02 % respectively. Nayga (1996) also found low values for the expendi-
ture elasticities of prepared food and food prepared at home with respect to the 
value of the wife’s value of time. These low elasticities suggest that seafood con-
sumption is not going to increase too much with the expected higher values of 
women’s time associated with current lifestyle, socioeconomic and demographic 
changes being experienced in Spain.  
Income also has a positive inﬂ uence on the level of expenditures of fresh sea-
Table 4. Expenditure Equations: Parameter Estimates from 
Amemiya’s Two-Stage Estimation Process.
     
 Fresh Prepared
Variables Coefﬁ cient t-ratios Coefﬁ cient t-ratios
Constant 0.155** (2.97) 0.239** (5.92)
Womage -0.001 (-1.57) -0.001** (-5.13)
Womeduc 0.007** (2.79) -0.001 (-0.33)
Urban -0.017** (-2.04) -0.036** (-5.32)
Employed -0.003 (-0.73) -0.012** (-4.63)
Homepay -0.012** (-2.55) -0.021** (-5.53)
Children 0.008** (2.58) 0.014** (5.57)
Teenager  0.004* (1.83) 0.010** (5.48)
Young 0.010** (2.16) 0.019** (5.14)
Adult -0.004** (3.07) 0.006** (5.37)
South -0.054** (-3.13) -0.077** (-5.66)
Northeast -0.024** (-2.97) -0.027** (-4.28)
Northwest -0.044** (-2.30) -0.075** (-4.86)
Central -0.029** (-2.97) -0.039** (-5.22)
Otherinc 0.005** (2.05) -0.003* (-1.66)
Wincome 0.005** (5.89) 0.004**  (6.89)
Femhead 0.001 (0.13) 0.003 (1.25)
Correct1 -4.238** (-2.84)
Correct2    7.903** (5.21)
Adjusted R2  0.12 0.06
MSE 0.0034 0.0022
F[18,8906] 68.06 34.72
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food. Fresh seafood is income-inelastic, indicating that household expenditures 
on fresh seafood are not very responsive to changes in household income. Our 
estimated value of the income elasticity for fresh seafood (0.22) is very similar 
to those reported in earlier studies using cross-section data (Capps 1982; Keithly 
1985; Perry 1981; Cheng and Capps 1988). Capps, Keithly and Perry reported 
income elasticities for total seafood of .17, .24 and .20 respectively. Cheng and 
Capps found income elasticities of .14 for total ﬁ nﬁ sh and .11 for total shellﬁ sh. 
Keithly also reported an income elasticity of .47 for fresh seafood. Knowledge 
of these income elasticities could allow policymakers to anticipate the nutri-
tional, health and dietary effects of expected higher incomes associated with 
European integration on Spanish families. 
Women’s age is negatively related to expenditures on processed seafood. A 1% 
increase in women’s age decreases the level of expenditures on prepared seafood 
by 1.6%. Nayga (1996) also found that families with older wives spent more on 
food prepared at home than do others. This result may indicate that older fami-
lies have a more traditional lifestyle than do younger families and prefer fresh 
seafood goods. Older women may also be less receptive to use modern time-sav-
ing kitchen equipment than younger women. 
The number of family members of any age group positively affects the level 
of expenditure on seafood goods. For instance, a 1% increase in the number of 
young family members increases expenditures on fresh and prepared seafood 
by 0.08% and 0.21% respectively. Redman (1980) also found similar results for 
Table 5. Elasticities for Total Expenditures on 
Fresh and Prepared Seafood Products
 Fresh Prepared
                                Continuous Variables 
Womage -0.4381  -1.5930
Children  0.0961 0.2311
Teenager  0.0151  0.0483
Young  0.0810 0.2088
Adult -0.0313      -0.0967
Elderly  0.0300  0.0606
Otherinc   0.2200 -0.1846
Womeninc  0.0186 0.0236
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total prepared foods. She argues that as children grow older, the real wage of 
the mother increases (older children require less parenting time) implying that 
household production time decreases and market time increases. 
The level of education also affects the purchasing patterns of seafood products. 
Households headed by women with at least high school education spend 7,000 
pesetas more per year on fresh seafood than households headed by women with 
less than high school education.7 More educated women could possibly be better 
informed of nutritional and health advantages of consuming fresh seafood prod-
ucts than are less educated women. More educated women could also possibly 
be more concerned with cleanness, the kind of ingredients used or the way these 
foods are prepared. 
Urban households spend 17,000 pesetas less per year on fresh seafood and 
36,000 pesetas less on prepared seafood than do rural households. This may 
reﬂect the difference between urban and rural areas with respect to prices and 
availability of seafood in general. Households outside the Iberian Peninsula (the 
reference category) consumed relatively more seafood than others. Households 
in the south spend 54,000 pesetas less per year on fresh and 77,000 pesetas 
less on prepared seafood products than households located outside the penin-
sula. Northwestern households spend 44,000 pesetas less on fresh and 75,000 
pesetas less on prepared seafood goods than households of the reference group. 
Households located in the central part of the peninsula spend 29,000 pesetas less 
on fresh and 39,000 pesetas less on prepared seafood goods than households 
located outside the peninsula. The different location effects reﬂect differences 
among regions with respect to prices, tastes, lifestyles and tax structures.
Homeowners spend 12,000 and 21,000 pesetas less per year on fresh and pre-
pared seafood than renters. Yen (1993) argues that homeowners may have higher 
average income than do renters but lower cash ﬂow for a given income. In ad-
dition to that, considering prepared seafood only, homeowners may spend less 
on fresh and prepared seafood because a decision to own a home carries with 
it a willingness to assume the larger commitment of time necessitated by home 
production (Bellante and Foster 1984). This indicates that the opportunity cost 
of time for homeowners is not as great as it is for renters. 
Finally, households with employed family heads spend 12,000 pesetas less on 
prepared seafood than households with unemployed family heads. This result 
may suggest that employed women spend more on other prepared foods and/or 
consume seafood away from home. 
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CONCLUDING REMARKS
The empirical evidence has shown that the value of women’s time (for expen-
ditures on fresh and prepared seafood products), income and household demo-
graphic variables are all important determinants of selection and expenditures 
on seafood products. Moreover, the set of statistically signiﬁcant factors in the 
selection and expenditure equations is not the same for each type of seafood 
goods.
The results of this research show the importance of modeling the value of 
women’s time (women are still responsible for most of the food selection and 
preparation activities) on the demand of foods requiring relatively little prepara-
tion time, like fresh and prepared seafood products. Speciﬁcally, as more women 
enter the Spanish labor force and their value of time increases, households real-
locate food expenditures in favor of fresh and prepared seafood products. 
The results suggest a growing future market for seafood goods based on expect-
ed increases in income and changes in social and demographic characteristics 
in Spain. With declining marine stocks, Spain will rely increasingly on imports 
to meet demand. These results could also be used by policymakers and industry 
planners to identify and promote appropriate long-run changes in the industry: 
support of aquacultural production, ﬂeet reduction and transformation, ﬁsher-
ies agreements with Morocco and other European countries, etc. The ﬁndings 
of this research could also help producers and marketers of seafood products to 
better plan marketing strategies, anticipate future trends in the market, make a 
better use of resources, and identify new business opportunities. For instance, 
promotion intended to increase the demand for prepared seafood should focus 
on large, young, rural, renting families residing outside the Iberian Peninsula. 
Promotion intended to increase the demand for fresh seafood should focus on 
those households with higher income and education. Also, households that are 
renters or families with more children or young and elderly family members are 
more likely to consume fresh seafood. Promotion intended to develop markets 
for prepared seafood and to encourage both purchase and consumption of these 
products should focus on larger households with younger family heads. 
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Endnotes
1 However, this increase in consumption has slowed down in recent years and it 
is expected to decline for the next few years. This is mainly due to higher prices 
and lower catch (Deschamps and Weisenburger 2004). Since Spain’s entry into 
the European Union in 1986, Spanish ﬁsheries have been faced with decreas-
ing ﬁshing quotas, which have decreased domestic ﬁshing stocks. In November 
2002, a vessel carrying over 20 million gallons of fuel oil sank about 150 miles 
from Spain’s Atlantic coast, crippling the ﬁshing industry in Galicia. The spill is 
anticipated to reach Spain’s southern waters, where the world’s largest mussel 
beds are found. The disaster is expected to have a signiﬁcant impact on Spain’s 
domestic ﬁsh and seafood supply for a number of years.
2 Traditionally Spanish households follow the “Mediterranean Diet,” which 
consists of seafood, vegetables, fruits, olive oil, wine and salads. Despite some 
shifts away from the “Mediterranean Diet”, Spain is still one of the leading per 
capita consumers of seafood products (both fresh and processed) in the Euro-
pean Union and third in the world after Japan and Portugal (Escudero 2000). 
3 Seafood expenditures represent the second largest percentage within total food 
expenditures. In 2001, meat, seafood and food-away-from-home (excluding bev-
erages) expenditures represented nearly 24.5%, 13.9% and 13.6% of total food 
expenditures respectively. 
4 The inefﬁciency associated with this procedure is not an important problem in 
this research due to the large number of observations with positive consumption 
(for fresh and processed seafood) included in our dataset (Amemiya 1974). 
5 The Encuesta de Presupuestos Familiares have been discontinued. Even 
though that the latest Encuesta de Presupuestos Familiares data is 13 years old, 
it can still be used to study seafood consumption patterns in Spain because 
these patterns have remained relatively stable since 1991. Seafood expenditures 
represented nearly 13% and 14% of total food expenditures in 1991 and 2003 
respectively (Gracia and Albisu 1995; Escudero 2003). The share of fresh and 
processed seafood within seafood expenditures also remained relatively constant 
in the past years. Processed seafood expenditures accounted for about 52% of to-
tal seafood expenditures in 1991 and 1998 respectively (Gracia and Albisu 1995; 
Papageorgiou 2002). As mentioned before, higher prices, ﬁshing quotas and oil 
spills have contributed to keep the consumption and expenditure levels relatively 
stable in the last decade.
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6 Imputed or predicted regressors included as additional explanatory variables in 
the estimation of the second-step model of interest are measured with sampling 
error, so statistical inferences based on the estimated unadjusted covariance ma-
trices (for the second-step estimators) are biased. Murphy and Topel (1985) have 
shown that under standard conditions, the second-step estimators are consistent 
and asymptotically normally distributed with asymptotic covariance matrix 
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 is the auxiliary regression (ﬁrst step model),
then
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 is the variance-covariance matrix of the estimators of δ,
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the function ∂ g (w
h
, δ) / ∂ δ is the column vector of ﬁrst derivatives of the log 
likelihood function with respect to δ; and ê
h
 is a column vector of residuals from 
the model of interest. It follows that ∂ g (w
h
, δ) / ∂ δ =  cˆ
h
 [ ∂ E (w
h
, δ) / ∂ δ ], 
where cˆ
h
 is a column vector of residuals from the auxiliary model.
7 The exchange rate during the survey period was approximately 1 US dollar  
= 80 pesetas. 1 Euro is equivalent to 166 pesetas.
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Appendix A.  
Parameter Estimates of the Bivariate Probit Regression
 Fresh  Prepared
Variables Coefﬁcient t-ratios Coefﬁcient t-ratios 
Constant -0.565** (-6.54) 0.815** (8.67)
Womage 0.006** (4.87) -0.005** (-3.44)
Womeduc -0.089** (-2.44) -0.072* (-1.87)
Urban 0.172** (7.93) -0.100** (-4.44)
Employed 0.075** (2.44) -0.019 (-0.61)
Homepay 0.117**  (3.81) -0.020 (-0.62)
Teenager -0.001 (-0.04) 0.067** (2.65)
Young -0.045** (-2.81) 0.121** (7.22)
Adult  0.098** (5.79) 0.093** (5.34)
Elderly 0.059** (2.55) 0.089** (3.84)
South 0.478** (10.28) -0.063 (-1.23)
Northeast 0.270** (6.10) 0.039 (0.79)
Northwest 0.438** (8.68) -0.193** (-3.58)
Central 0.315** (7.09) 0.026 (0.52)
Otherinc  0.091** (12.22) 0.014 (1.57)
Wincome -0.002 (-0.22) 0.016 (1.41)
Femhead -0.070** (-2.09) -0.035 (-1.03)
Rho  -0.9904  (-0.24)
% of correct  
predictionsa 0.74  0.78
Rb 0.169  0.142
Likelihood ratioc 559.7*  362.0*
* and ** denote statistical signiﬁcance at 10% and 5%,  
respectively. Asymptotic t-values are in parentheses. 
a An observation is predicted to be 1 if the predicted  
probability is 0.5 or larger, otherwise the observation is  
predicted to be zero.
b 1 - [log of the likelihood function evaluated at the maximum 
likelihood estimates / log of the likelihood function when all 
coefﬁcients, except the constant, are set to zero].
c Likelihood ratio test statistic –2 log L = -2 (log L 
restricted
 – log 
L 
unrestricted
) and * denotes signiﬁcance at the 0.05 level.
